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INTRODUCTION
This paper shows that active deformation occurs within and around the West Siberian Basin (Figs 1 and 2 ). The west Siberian region is conventionally regarded as part of "stable Asia" in the context of the broad India-Eurasia collision zone, because it lacks significant seismicity and lies below the resolution of earthquake or GPS-derived velocity fields (Avetisov, 1999; Zhang et al., 2004; England & Molnar, 2005; Bayasgalan et al., 2005) . We use lateral shifts and anomalies in drainage patterns to reveal the pattern of surface deformation, because they highlight warps and tilts of the landscape in low relief, low strain areas.
The results have a wider implication for continental tectonics, as they demonstrate that long wavelength surface deformation can occur at the periphery of broad collision zones. Such deformation represents a mechanism for generating regional, subtle, angular unconformities in terrestrial sedimentary basins.
The topography and geology of Central and East Asia arise from the continued convergence of the Indian and Eurasian plates since initial collision ~50 million years ago. This process has generated the Himalayas, Tibetan plateau and mountain ranges of Central Asia such as the Tian Shan and Altai ( Fig. 1 ; Molnar & Tapponnier, 1975; Tapponnier et al., 2001) . Surface uplift links plausibly to regional and even global climate change (Raymo and Ruddiman, 1992; Molnar et al., 1993; . Changing topography also re-organizes drainage systems across eastern Eurasia (Clark et al., 2004; Clift & Blusztajn, 2005) , such that the late Cenozoic evolution of rivers has provided insights into regional deformation patterns over this period. To date attention has focused on rivers within high topography, actively deforming areas, or the flexural forelands in front of the Himalayas.
We present a study of the geomorphology of the West Siberian Basin and adjacent areas of Russia (Figs 1-3) , and show that long wavelength (100s of km) active surface tilting affects and is revealed by present drainage patterns over the northern half of Eurasia between 60 o and 90 o E. Local shifts in drainage can be attributed to the growth of individual folds, especially in the north of the basin. Our analysis is intended to highlight the overall picture of active deformation as revealed by the geomorphology. The vast scale of the basin, and the paucity of published work on its neotectonics and geomorphology, makes it a frontier for future research on the interactions of deformation and drainage.
GEOLOGICAL BACKGROUND
The West Siberian Basin has low elevations and relief, predominantly between 0 and 200 m above sea level, and an area of ~3.5 x 10 6 km 2 including its offshore continuation to the north (Figs 1-3 ). This is an area on a scale comparable with western Europe. Present drainage in the West Siberian Basin is dominated by three rivers: the Yenisei, Ob' and Irtysh (Fig. 3) . The Yenisei hugs the eastern margin of the basin, close to the western edge of the Siberian Craton. The Ob' flows northwest across the southern part of the West Siberian Basin, but passes south of the West Siberian Hills to the point where it is joined by the Irtysh. The combined rivers then flow north. Each of these three rivers is on the scale of the Mississippi in terms of both length and discharge, although their sediment loads are far lower (Milliman & Syvitski, 1992) . Their combined drainage basins are 5.6 x 10 6 km 2 in area. Present discharge from the Ob'/Irtysh and Yenisei is 1024 km 3 /year in total, and increasing, with implications for Arctic Ocean salinity and thereby the potential to affect North Atlantic Deep Water formation (Peterson et al., 2002) . All of the rivers flowing through the West Siberian Basin enter the Arctic Ocean, and erode into Cretaceous -upper Oligocene strata of the basin interior; there are no significant areas within the onshore basin undergoing longterm subsidence and deposition.
Crustal thickness decreases into the basin interior from the margins, from ~50 km at the western, southern and eastern basin margins to ~36 km in the southeast of the basin (Vyssotski et al., 2006) . It is bordered by the Urals to the west, Siberian Craton to the east, and Central Asian ranges to the south. The basement to the basin is formed by a poorly-known assemblage of buried arcs, accretionary complexes and microcontinents (Bochkarev et al., 2003) . These had accreted to each other and the adjacent Siberian and East European cratons by the end of the Paleozoic, during the Altaid orogeny (Şengör & Natal'in, 1996) .
The West Siberian Basin originated by rifting near the Permo-Triassic boundary at ~251 Ma, coincident with the Siberian flood basalts (Reichow et al., 2002) and likewise attributed to the impact of a mantle plume. Together, the Permo-Triassic rifts and pre-Late Permian basement faults produce a strong north-south structural grain within the basin and at its eastern and western margins (Şengör and Natal'in 1996; Allen et al., 2006) . This is complicated by other trends, including northeast-southwest trending faults -related to oblique rifting, and northwest-southeast trending faults in the south of the basin, related to the Altaid basement grain in this particular area.
Post-rift strata are up to 10 km in thickness. All of the basin stratigraphy is deformed by long wavelength (≤100 km), low amplitude (100s of m) anticlines (Vyssotski et al., 2006) . Individual folds are up to 300 km long (Fig. 3) . Folds at least partially correspond to the orientations and locations of pre-Mesozoic basement faults. Many folds lie over or adjacent to basement faults. Folds commonly have a roughly north-south orientation, although there is considerable variation. Folding is conventionally inferred to be Oligocene in age (> ~23 Ma) and resulting from a brief pulse of deformation, based on the absence of significant post-Oligocene sediments across much of the basin (Kontorovich, 1975; Vyssotski et al., 2006) . The exact fold mechanism is enigmatic. There is limited evidence for direct reactivation of basement faults, notwithstanding the coincidence of folds and basements trends, and many folds are located over basement highs, i.e. evidence is lacking for regional inversion of the Permo-Triassic extensional faults. However, on published seismic data and interpretations (Peterson & Clarke, 1991; Vyssotski et al., 2006) , the consistent thickness of Mesozoic strata over the basement highs argues against the folds being conventional drape anticlines.
A thin covering (typically 10s m) of Quaternary fluvio-glacial and loess sediments (Arkhipov et al., 1997) is present in the southeast of the basin. Elsewhere Tertiary or Cretaceous strata are the exposed bedrock, albeit typically covered by extensive peat deposits and vegetation.
METHODS
We used Landsat and Aster satellite imagery and digital elevation models for analysis of the geomorphology of the study area. The latter datasets are based on GTOPO30 and SRTM data. SRTM data are only available for south of 60 o N. The pixel size of the GTOPO30 data is ~1 km, compared with ~90 m for SRTM, but the scale of the drainage systems is such that the coarser resolution is adequate for determining first order patterns in the geomorphology. MrSID format mosaics of Landsat 7 satellite imagery (bands 2, 4, 7) were used for larger areas. Standard procedures in ArcGIS were used for combining and analysing all datasets.
In the low gradient river systems of the West Siberian Basin (Table 1) , systematic lateral drainage migrations are very useful for detecting areas of local surface uplift and tilting produced by active folding. Therefore a key aspect of this study is mapping the regional pattern of such migrations. One or more of the following criteria for surface tilting were used to interpret an external forcing for lateral migration: asymmetric incision profiles, unpaired terraces (that is, terraces on only one side of the river valley, caused by active tilting transverse to an incising river), asymmetric drainage basins, preferential orientation of meander scars (Leeder & Alexander, 1987; Marple & Talwani, 2000; Cox et al., 2001) .
Additional criteria for active fold and drainage interactions are subtle variations in the planform of rivers as they cross zones of active uplift or subsidence (Burbank et al., 1996a; Holbrook & Schumm, 1999) , with changes between meandering, anastomosing and braided forms, and/or changes in sinuosity (defined as river length divided by valley length; Holbrook & Schumm, 1999; Ouchi, 1985) . These latter criteria are less obvious in the rivers of the West Siberian Basin, perhaps because gradients are so low: the Ob' is at an elevation of only ~70 m above sea-level at Novosibirsk, ~2200 km from its estuary, equivalent to a gradient of 0.000035.
OBSERVATIONS

Individual fold and drainage interactions
Fold and drainage interactions are most obvious in the zone south of the Pleistocene ice sheet limit (~67-68 o N) and north of the drainage divide of the West Siberian Hills. North of the ice sheet limit the geomorphology is affected by glacial or peri-glacial features and also undergoes isostatic rebound following glacial loading and subsequent melting (Mangerud et al., 2002; Mangerud et al., 2004; Peltier, 2004; Svendsen et al., 2004) . This glacial influence may be why exposure levels are generally deeper in the north of the basin (Nalivkin, 1983) , despite this area having the thickest Mesozoic-Cenozoic stratigraphy.
Several major fold axes north of 65 o N coincide with local drainage divides ( Fig.  3) , including the Urengoy anticline (including the supergiant Yamburg gas field), and the Yarudey and Chasel anticlines (Vyssotski et al., 2006) . The northern reaches of the Pur and Taz rivers lie in the synclines between the Urengoy and Chasel anticlines and the Yenisei monocline (Fig. 3 ). There is some evidence of lateral channel migration on the limbs of these anticlines, although this is limited, perhaps because the main southnorth rivers are roughly equidistant from the fold axes. For example, the lowermost 50 km of the Pur river hugs the east side of the 25 km wide floodplain, eroding into 50 m high cliffs.
Further examples of drainage migration or structural control of drainage are shown in Figs. 4-7. At the northwest margin of the basin the Ob' changes course to flow eastwards along the southern limb of an east-west anticline at the eastern margin of the Urals. This anticlinal uplift is known as the Schchuchya zone ( Fig. 4 ; Puchkov, 1997) , and lies at the junction of the northern ("Polar") Urals and the northwest-southeast trending Pay-Khoy zone, which in turn links the Urals to Novaya Zemlya. To the north of the Schchuchya zone, Baydaratskaya Bay is on the scale and proportions of the present estuary of the Ob', but the Baydarata river flowing into the head of the bay has a drainage basin on the order of 10,000 km 2 (Fig. 4) . This is completely out of proportion with the scale of the bay. The lowest elevation on the present drainage divide between the Ob' estuary and Baydaratskaya Bay is at ~50 m above sea-level. Drainage patterns are locally highly convoluted in this region: one river changes direction through 180 degrees, first flowing northwards, then east, then south to join the Ob' near its estuary. We speculate that Baydaratskaya Bay was the estuary for the Ob' before drainage was deflected to the east by tectonically-driven surface uplift of the Schchuchya zone. However, the Schchuchya zone is also the southern limit of Early Weichselian (~90 -80 ka) ice sheets , which provide an alternative mechanism for re-routing the Ob'. The two mechanisms are not mutually exclusive.
The Lyamin Arch (anticline) in the northwest of the basin causes local surface tilt, and drainage migration of the Nazym river to the west (Fig. 5) . This river has a markedly asymmetric drainage basin, with eastern (left bank) tributaries up to 20 times longer than their western counterparts. Meander scars are preferentially located east of the present course of the Nazym, and are preferentially oriented in a concave direction towards the main channel, indicating gradual tilting and channel migration across the floodplain towards the west (Leeder & Alexander, 1987) . They are also on much larger scales than the present meander loops (2-3 times the diameter; Fig. 6 ), indicating higher discharge rates in the past. We have no constraints on how long ago these meanders scars were formed. Lateral gradient across the Nazym valley is ~0.001. At the same latitude as the Nazym, the Ob' appears to be migrating to the east: the present river channel is located at the eastern side of the floodplain, with an unpaired terrace to its west, some 50 m above sea-level. Thus a narrow neck of land, 30 km across with maximum relief of ~125 m above the adjacent floodplains, is being eroded from both its western and eastern flanks (Fig. 5) .
The Taz river also shows examples where active uplift is affecting the river planform (Fig. 7) . Meander scars are preferentially oriented in a concave direction towards the main channel, indicating gradual tilting and channel migration across the floodplain towards the north and northeast in this region. Lateral gradient across the valley is ~0.001. The uplifted region west of the river corresponds to the southern part of the Chasel anticline (Vyssotski et al., 2006) , such that surface uplift associated with the fold appears to be responsible for the lateral drainage migration.
Rivers flowing down the flanks of the West Siberian Hills (Fig. 3) show little evidence for systematic lateral drainage migration, but moderate (10-20 m) incision along braided reaches. This area is underlain by extensive and adjacent sub-surface folds, principally the Surgut and Nizhnevartovsk arches, which are not individually discernible in the geomorphology.
Overall, the presence and pattern of surface deformation in the north of the West Siberian Basin (north of ~61 o N) is consistent with major folds in this region being active structures, controlling the observed drainage patterns.
Regional drainage patterns: overview
Maximum incision of low relief landscapes at the basin margins varies from ~200 m in the southeast to ~80 m at the western margin. Incision decreases towards the basin interior, reduced to <20 m by the east-west reach of the Ob' at ~61 o N. The important point is that all areas of the basin are undergoing surface uplift and tilting on at least some scale, even though as a whole the landscape is one of the largest sub-aerial low relief areas on Earth.
Using the same criteria for surface tilting as used to pick out active individual folds, it is possible to detect regional lateral migration and tilt patterns in the southern part of the basin, particularly between the upper reaches of the Ob' and the Irtysh rivers. Unlike further north, it is difficult to attribute these lateral migrations and tilts to individual structures.
The regional lateral migration pattern for the basin and adjacent areas is shown on Fig. 8 . Individual arrows represent lateral migration azimuths identified from analysis of the satellite images and the DEMs; each arrow summarises a 10,000 km 2 area. Adjacent areas have ~50% overlap. Lateral migration on an individual reach does not necessarily represent the true local tilt direction, but the variable orientation of reaches in trellis and dendritic drainages allows regional tilt azimuths to be mapped in a semi-quantitative manner. The results show west to east tilting across the whole West Siberian Basin south of ~61 o N, combined with northwards tilt away from the Central Asian ranges. No regional tilt is identifiable north of ~61 o N in the basin interior, where individual folds determine surface deformation patterns as described above. Eastward tilting occurs ≤200 km east of the Urals and ≤100 km west of the Siberian Craton, for long distances parallel to these basin margins, particularly in the main south-north flowing rivers (the Tobol-Irtysh-Ob' system is parallel to the Urals and the Yenisei is parallel and adjacent to the Siberian Craton). West to east tilt across the east of the basin interior is against regional topographic and crustal thickness gradients (Vyssotski et al., 2006) , and commonly in a different direction to local bedrock dip.
Ob', Irtysh and Tobol
On the scale of the largest rivers, the combined Ob', Irtysh and Tobol system in the western part of the basin has active channels at the northern limits of the floodplain in east-west reaches, or at the eastern limit of north-south reaches (Figs. 3 and 8) . Unpaired terraces are preserved on the southern and western sides of these channels, respectively. Tributaries typically possess asymmetric topographic cross-sections, indicating tilt to the east (north-south reaches) or north (east-west reaches). Lateral gradients are typically 0.0001 -0.0005 across the floodplains. These relationships occur for >1500 km, from southern reaches of the Irtysh within the basin to near the estuary of the Ob' in the Arctic Ocean.
Both the Irtysh and the Ob' take large convex-northeast loops from close to their entry points into the basin, changing to south-to-north courses once they have joined the Tobol and each other (Fig. 3) . Similar-shaped loops are present in smaller rivers to the east as far as 97 o E. Such patterns may reflect originally straighter courses, deflected by tilting to the east or northeast. Longitudinal river profiles do not show perturbations, presumably because low river gradients, long length scales and low tilt rates do not produce clear knickpoints.
Lateral migration also occurs in numerous smaller rivers, revealed by asymmetric valley profiles. Examples include the left-bank tributaries of the Ob' in the region of 80 o E (Fig. 9) , where asymmetric valley profiles in a very low relief landscape suggest lateral migration to the ESE. Lateral river valley gradients are ~0.001. Bedrock in this region is Oligocene in age, with a thin cap of Quaternary in the south. Fold axes in this area trend northwest-southeast (Fig. 3) ; it is therefore implausible that lateral drainage migration is controlled by bedrock dip on the limbs of these local folds.
Other prominent examples of lateral migration are river valleys between the Ob' and the Yenisei in the southeast of the basin, in the vicinity of the Chulym river and its tributaries (Fig. 3) . These valleys consistently have asymmetric cross-section profiles, such that the regional surface tilt appears to be to the east or ENE. This observation is unexpected, given that this area lies adjacent to bedrock exposures at the northern side of the Altai mountains: if any regional tilt was expected, it would be directed towards or away from the mountain front.
The southern margin of the basin on Russian structural maps is highlighted as the Altay-Sayan monocline (Surkov & Zhero, 1981;  Fig. 3 ). The Ob', Irtysh and their tributaries in this region show characteristic changes in river planform, from straight, confined channels to meandering reaches. Similar trends are repeated in many of the smaller tributaries of the Ob'. These rather abrupt changes in planform may indicate the influence of the edge of this warped basin margin on the drainage systems.
Unpaired terraces are present at various scales throughout the west Siberian landscape, and typically found where there are asymmetric valley profiles. Laterally persistent examples occur south of the Irtysh, where three unpaired terraces are present (Fig. 10) . The terrace scarps lie roughly 70,130 and 200 km south of the Irtysh and east of its confluence with the Tobol, at the southern sides of terraces at ~60, ~80, and ~125 m above sea level respectively. The lower two terraces may correlate with regional terraces identified as the products of late Pleistocene ice-dammed lakes, dated at ~23-12 ka and ~110-75 ka (Arkhipov, 1998).
Smaller scale features are visible south of east-west reaches of the Tom' River, in the southeast of the basin, such as the unpaired terrace at ~235 m above sea-level, picked out in SRTM data in Fig. 11 . North-south topographic profiles through this area show up the alluvial terrace ~3 km south of the modern river channel, with an edge ~12 m high. The terrace faces 100 m high cliffs on the north bank of the same reach (Fig.  12) ; the valley topographic profile is markedly asymmetric. On the south side of the river alluvial deposits of the terrace blanket the tributary valleys of the Tom'. These deposits are only incised at the northern ends of these tributaries, close to the terrace edge and the modern floodplain. Surface tilt indicators are both to the east and north in this area: asymmetric valley profiles south of the Tom' indicate a component of west-toeast tilt (Fig. 11) . Numerous local streams to the south and southeast of the basin are flanked by unpaired alluvial terraces below the spatial resolution of SRTM data (Fig.  13) . Several rivers in this area are joined by tributaries with obtuse angles upstream of the confluences, consistent with the capture of south-flowing streams by drainage flowing north towards the Ob' or Yenisei.
Yenisei
The Yenisei river enters the West Siberian Basin in the southeast, and follows the eastern margin of the basin, i.e. the western edge of the Siberian Craton, northwards towards the Arctic (Fig. 3) . Some authors place the basin margin 150 km west of the present course of the Yenisei, at the western limit of a structural zone known as the Yenisei Monocline (e.g. Vyssotski et al., 2006) , but this zone is where the Mesozoic and Lower Tertiary basin fill is tilted towards the west, i.e. the basin interior, rather than the true boundary between the basin and the Siberian craton. Within the Yenisei river valley the active channel lies consistently towards the eastern margin for two 500 km long reaches north and south of ~62 o N (Figs. 3 and 8) . Unpaired terraces lie on the left bank (west). Late Pleistocene proglacial terraces have been reported in this area (Arkiphov, 1998) , but there are no firm regional constraints on terrace age or origin. Lateral gradients across the Yenisei river valley are ~0.0002 -0.0004. Therefore the regional geomorphology of the river valley suggests active tilting of the landscape towards the east. At ~62 o N there is an isolated uplift near the basin margin, which constrains the Yenisei to a narrower floodplain. This localised uplift represents the eastern limit of the West Siberian Hills; no individual structural feature is marked in this area on the basin-wide maps of Surkov & Zhero (1981) or Vyssotski et al. (2006) .
Rates of deformation
Some estimates are possible for the rate of both individual fold growth and regional rock uplift and tilting. Fold growth has occurred since the last regional deposition (latest Oligocene, ~25 Ma), implying that rock uplift rates on anticline crests are in the order of 0.01 mm/year. It is not clear whether deformation has been continuous or episodic over this time, and deformation could have begun more recently, making this estimate a lower bound. A first order estimate of the regional west-to-east tilt rate in the south of the West Siberian Basin can be derived from the warp of the top of the youngest, late Eocene, marine strata in the basin: this is ~400 m over ~1000 km from the eastern side of the Urals to the southeast of the basin (Fig. 14) , derived from Vyssotski et al. (2006) and geological map data (Nalivkin, 1983) . This corresponds to a maximum rate of ~0.02 mm/year, if deformation began at ~25 Ma. Again, it is possible that deformation began more recently. It represents a lateral gradient of 0.0004, similar to the present day lateral valley gradients in the south-to-north reaches of the Irtysh and Ob'. Both uplift estimates are very approximate, but emphasise that rates of rock uplift are at least two orders of magnitude slower than within the Himalayas (Burbank et al., 1996b) . Strain rates are obviously extremely low, and the overall contribution to the India-Eurasia convergence is insignificant.
Lateral valley gradients of the largest rivers in the basin (Yenisei, Ob' and Irtysh) are 0.0001 -0.0005, where tectonic tilt is inferred (Table 1) . Gradients are higher for smaller river valleys such as the Taz and Nazym: ~0.001. If the modern river valleys initiated during the major deglaciation of the Fennoscandian ice sheet at ~15 ka BP, these gradients are equivalent to tilt rates of 7 x 10 -6 -3 x 10 -5 radians kyr -1 for the largest rivers and 7 x 10 -5 radians kyr -1 for their main tributaries. All of these values are slow compared with tilt rates calculated for the floodplains of tectonically active half grabens (roughly 10 -4 radians kyr -1
; Peakall et al., 2000) . Consistent with these low rates, the river response to lateral tilting in the West Siberian Basin is gradual migration rather than abrupt avulsion.
DISCUSSION
Cenozoic folding in the West Siberian Basin has been attributed to a far-field effect of the India-Asia collision (e.g. Vyssotski et al., 2006) . No other cause seems viable. Arctic tectonics are dominated by the very slow and intermittent spreading of Gakkel (Arctic) mid-ocean ridge (e.g. Sekretov, 2002; Dick et al., 2003) , which is a less plausible mechanism for generating strain far into the continental interior. The geomorphology in the northern part of the basin indicates that deformation is active ~1500 km north of the present limit of major seismicity within western Mongolia and the Altai mountains (Bayasgalan et al. 2005) , and ~3500 km north of the original IndiaEurasia suture. Fold axis orientations are commonly at a low angle to the roughly-northsouth India-Eurasia convergence vector, which would not be expected if the Siberian crust was isotropic. The structural grain of the basement (Allen et al., 2006) appears to exert a strong control on Cenozoic fold location and orientation.
Incision and tilting at the southern and western sides of the West Siberian Basin is a regional effect that decays in amplitude into the basin interior, but is still discernible >1000 km from the basin margins (Fig. 8) . The change between regional surface tilt and localised lateral drainage migration occurs at about 61 o N, at the latitude of the West Siberian Hills, but it is unclear why.
Regional west-to-east tilt in the west of the West Siberian Basin is in the same direction as the regional bedrock dip (Figs 2 and 8) . East of ~65 o E this is not the case: lateral migration and surface tilt are commonly in the opposite direction to the bedrock dip. Thus the overall drainage migration patterns are not merely passive responses to pre-existing bedrock configurations. Even in the west of the basin we argue that the combination of active incision and lateral migration makes it unlikely that rivers are simply controlled by bedrock dip in a tectonically-inactive setting.
Variable, but low degrees of crustal thickening and isostatic uplift at the range margins and within the basin is the likely cause of the regional surface uplift and tilt patterns. Sub-surface data support this, showing all post-Triassic strata dipping east of the Urals and north of the Central Asian mountains respectively (Fig. 14) . This deformation presumably takes place by discrete faults and folds at depth, similar to the examples beginning to be published on seismic datasets (Vyssotski et al., 2006) , with displacements merging and dying out upwards to produce the smooth regional tilts observed at the surface.
Other possible surface uplift mechanisms are less plausible. The surface tilt is not the result of deglaciation within the study area itself: there are no documented Pleistocene ice sheets within the interior of the West Siberian Basin, the Urals, or Central Asia to the south. Far-field isostatic effects caused by the Scandinavian or Laurentian ice sheets are plausible within the Eurasian continental interior, but initial modelling indicates that such effects are much smaller than the observed rock uplift and have the wrong spatial distribution (Whitehouse et al., in press ). The monotonic nature of the tilting argues against lithospheric scale buckle folding of the kind suggested by Cloetingh et al. (1999) for several areas of Eurasia. Lower crustal flow away from thickened crust is a mechanism for producing isostatic uplift (Royden et al., 1997) , but in the east of the basin tilt directions are towards thicker crust, i.e. exactly the opposite to what would be expected if such a mechanism was operating. The length scales of the Siberian deformation and surface tilting are too long for erosional unloading of a foreland adjacent to a mountain belt (Burbank, 1992) , especially as there is nothing unusual about the strength of the west Siberian lithosphere (effective elastic thickness ≤25 km, McKenzie & Fairhead, 1997) .
The geometry of the Yenisei River at the eastern margin of the basin resembles the axial drainage of flexural, foreland basins, lying parallel and close to a topographic front. It is clear that there has been Cenozoic deformation along the western side of the Siberian Craton: Upper Cretaceous and lower Tertiary strata are gently folded and tilted to the west in the Yenisei Monocline. Starosel'tsev et al. (2003) show an upper crustalscale, east-dipping blind thrust at the western side of the craton, which terminates to the west in Palaeozoic strata beneath the Mesozoic sediments of the West Siberian Basin. However, there is only minor historical seismicity in the region, and no evidence for a thick, late Cenozoic, sedimentary wedge at the basin margin. A flexural control on the position of the Yenisei adjacent to the craton is therefore possible, but not proven, and more work on the structure of this area is needed. Whatever the underlying mechanism, the surface tilting towards the Siberian Craton is opposite in sense to the tilting away from the Urals and the Central Asian ranges (in that it is towards the basin margin, not away from it), and directly opposite to the westwards tilt of Cretaceous/Paleogene strata adjacent to the craton margin (Figs 2 and 8 ).
SUMMARY
Our results show that there is subtle, active surface deformation of western Siberia, involving both long wavelength tilting of the landscape and drainage perturbations over individual folds (Fig. 8) . Three of the largest rivers in the world -the Yenisei, Ob' and Irtysh -are actively changing course as the result of this deformation. These effects are consistent with the action of a low degree of crustal thickening at the periphery of the India-Eurasia collision, and reveal broadly distributed, effectively continuum deformation far below the present resolution of GPS-derived velocity fields.
While the proportion of the overall plate convergence is insignificant, the area affected in Siberia -~2.5 x 10 6 km 2 -is larger than the Himalayas and Tibet combined (Fig. 1) , and uplift has interrupted a 200 million year history of deposition in one of the largest continental basins on Earth. Thus as well as greatly expanding the known deformation field of the India-Eurasia collision, the west Siberian surface deformation provides a possible analogue for low angle, regional unconformities developed in continental interiors throughout the geological record (e.g. Mitrovica et al., 1996; Boote et al., 1998; Scott et al., 2000) . In some places such unconformities have been attributed to mantle effects, such as dynamic topography generated above an active subduction zone. The active west Siberian case shows that a much more prosaic mechanism is also plausible, related to the cumulative activity of low amplitude, long wavelength folds in the basin fill, themselves generated above subtle basement faults. Fig. 9 . Examples of active lateral drainage migration: SRTM topography of tributaries on the left (south) bank of the Ob' at ~57 o N 80 o E in map view and cross-section, showing lateral channel migration to the ESE. This is against regional topographic and crustal thickness gradients. Location shown on Fig. 2.  Fig. 10 . Unpaired terraces on the south side of the Irtysh, picked out in SRTM topography. Dashed lines mark terrace edges. These terraces may relate to Pleistocene ice-dammed lakes (Arkhipov, 1998) . See text for discussion. Location shown on Fig. 2.  Fig. 11 . SRTM topography of an east-west reach of the Tom' river in the range 200-300 m, draped over a Landsat 7 image (bands 2,4,7). An unpaired terrace lies on the south bank at altitude ~235 m; the terrace edge is marked by the dashed line. Location shown on Fig. 2 . 
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